Recent years have witnessed a series of economic problems and financial crises, the recent subprime debacle being one of the worst. All these events called traditional economics into question and new perspectives have been developed to take into account the complexity of economic systems. This essay aims at contributing to a better understanding of a new trend labeled econophysics through two points: 1) a discussion on the conceptual links between statistical econophysics and agent-based econophysics; and 2) an overview of works dealing with these links that interestingly, emphasize the importance of econophysics in China.
Bouchaud promoted the necessity to develop a new theoretical perspective in economics that is inspired from an "agent-based econophysics". However, this claim requires a clarification of the links existing between econophysics (statistical physics applied to economics) and the agent-based modelling. This essay aims at contributing to a better understanding of this new trend labeled econophysics through two points: 1) a discussion on the conceptual links between statistical econophysics and agent-based econophysics; and 2) an overview of works dealing with these links that interestingly, emphasize the importance of econophysics in China. The literature dealing with econophysics is growing and fragmented, the objective of this essay is to offer a conceptual map of the existing works by discussing the potential links between the different categories of works.
Two Fields Dealing with Economic Complexity

Statistical Physics
The influence of physics on financial economics is nothing new. A number of writers have studied the "physical attraction" exerted by economists on physics
[3] [4] . For three decades, physicists have been going beyond the boundaries of their discipline, using their methods to study various problems thrown up by social sciences. This movement was initiated in the 1970s, when certain physicists began publishing articles devoted to the study of social phenomena. While some authors extended what is called "catastrophe theory" to social sciences, others created a new field labeled "sociophysics" [5] . The number of physicists publishing papers devoted to the analysis of social phenomena and the number of themes studied is increasing, examples being the formation of social groups [6] , social mimetism [7] , industrial strikes [8] , democratic structures [9] , and elections [10] . In the 1990s physicists turned their attention to economics, and particularly financial economics, giving rise to econophysics. Although the movement's official birth announcement came in a 1996 article by Stanley [11] , econophysics was at that time still a young, ill-defined current. Mantegna and
Stanley [12] defined econophysics as "a quantitative approach using ideas, models, conceptual and computational methods of physics". This definition seemed to gain ground as a compromise, and is found in a number of books and articles [13] [14] [15] .
Econophysics comes from statistical physics and it is often associated to what
we call "stylized facts" in the economic literature. These stylized facts mainly refer to "empirical facts that arose in statistical studies of financial (or economic) time series and that seem to be persistent across various time periods, places, markets, assets etc" [16] . Because this kind of econophysics is mainly based on a time analysis of financial or economic phenomena, it requires a lot of past data on prices, volumes, or transactions from which models describe the fat-tailed empirical distributions of returns, the absence of auto-correlation of returns or the volatility clustering. As Chakraborti et al. [17] explained, the notion of time is sometimes redefined by econophysicists since we find some works using ca- in such a way as to generate the macro-properties for systems [14] . These macro-properties can be characterized in terms of statistical regularities. Econophysics is founded on the belief in the universality of the statistical properties i.e.
the fact that they reappear across many and diverse phenomena [18] . In this perspective each micro-state appears to be indeterminate and econophysicists try to extract macro statistical regularities that are seen as emerging properties.
These properties appear then as phenomenological regularities which refers to what Holland [19] called "macro-laws" and which are associated with the notion of "universal laws" in econophysics [20] . In the econophysical literature, we can find two ways of dealing with these emerging macro-laws: while some econophysicists try to describe these regularities directly from the evolution of these systems [18] , other econophysicists rather study these systems by reproducing artificially these macro-regularities [21] . As this article explains it, these two perspective actually define the methodological scope of econophysics since the first category of works implements statistical perspective (statistical econophysics) whereas the second use an agent-based methods (agent-based econophysics) 1 .
Roughly speaking, statistical econophysics can be defined as an area of knowledge that deals with the phenomenological characterization of statistical patterns that macroscopically describe the dynamics of complex economic systems.
In this approach, the notion of emergence is often associated with statistical regularity that is observed in a very high number of past micro interactions. In terms of output (results), the accumulation of observations allows econophysicists to observe a specific statistical regularity, which often takes the form of a power law. Such approach has been well illustrated by Buchanan [22] as follows this repetition is not due to a(n) (un)happy coincidence; rather it stresses the phenomenological universality of power laws that emerge in different contexts.
This idea of universality has supported the claim, according to which methods and models from statistical physics could be applied outside physics [12] [25].
Agent-Based Econophysics
Agent-based modeling is based on computerized simulations of a large number of decision-makers which can interact through specified procedures. In line with reasoning on the rationality of individuals maximizing a particular utility function. This condition of rationality is not necessary in agent-based models. Agents are seen as interacting components whose behaviours create different complex structures. Agents are then considered as heterogeneous and "they may differ in myriad ways genetically, culturally, by social networks, by preferences etc." [27] .
The specificity of the agent-based modelling refers to the fact that this approach takes of human adaptation and learning abilities into account.
Agent-based method refers to what Arthur and al. [28] called the "small tent complexity" in which interacting heterogeneous agents create a complex hierarchical organization in a no-controlled system. This approach appeared in the 1990s as a new tool for empirical research in a lot of fields such as economics [29] , voting behaviors [30] , military tactics [31] , organizational behaviors [32] , epidemics [33] , traffic congestion patterns [33] , etc. The today literature about agent-based models is huge and published in several disciplines. In this perspective, agent-based models can be looked on as an interdisciplinary approach [27] and it refers to so many fields that it is not possible to number them in this paper whose objective is to focus on agent-based models and its links with econophysics where agent-based approach has also been extended.
Agent-based econophysics and statistical econophysics have common foundations since they describe socioeconomic systems as complex systems suggesting the unavoidable result of bringing together numerous components in a nonsimple manner. Moreover, these two approaches avoid arbitrary assumptions and they based their methodology on empirical verifications. However, some differences exist. The main distinction between these two fields refers to the way of modeling agents: while agent-based econophysics deals with microscopic models applied to heterogeneous and learning agents; statistical econophysics rather uses "zero-intelligence agents" (with no learning abilities) whose interactions are random. This distinction between these two subfields of econophysics has been suggested by Bouchaud [34] and evoked by Chakraborti et al. [17] who wrote an econophysics review through two excellent companion papers dedicated to the foundations of these two sub-fields. In opposition to economics or agent-based econophysics, statistical econophysics considers that only the macro-level of the system can be observed and analyzed. There is no modeling of the rational or/and individual behavior like in economic mainstream or in agent-based econophysics. Statistical econophysics rather uses a zero intelligence agents in line with the definition given by Gode and Sunder [35] where an agent who "has not intelligence, does not seek or maximize profits and does not observe, remember in statistical econophysics do not even mention the agent-based approach at all, others works try to explain statistical regularities by using random particles (characterized by a zero-intelligence agent). Bak et al. [37] , for example, provided a model in which orders were particles moving along a price line, and whose random collisions were seen as transactions (see also Famer and al [20] , for the same kind of model). These works can be methodologically characterized by a non-economic agent-based approach since non-economic assumptions are initially made/used for the calibration of micro interactions. Actually, econophysicists define algorithmic rules that generate micro interactions in terms of "physically plausible" events, implying that agents and their interactions are described with notions such as potential states (deposition, cancellation, annihilation, etc.), thermal features (heat release rate, ignition point, etc.) or magnetic dimensions (magnetic permeability, excitation). In other words, the input in such modelling is a pre-defined set of micro interactions that are physically plausible/meaningful. By applying these existing models to describe economic phenomena, econophysicists implicitly assume a kind of physicality since they consider them a social reality that can be explained in physical terms. Indeed, by using physical concepts to deal with economic/social reality, econophysicists don't deny that the world contains non-physical elements, such as items of a biological, psychological, moral or social nature, but, as Stoljar [38] explained, "they insist nevertheless that at the end of the day such items are either physical or supervene the physical" [38] . In a sense, econophysicists use this "physically plausible dimension of micro interactions" as an analogy for economic relations. This way of modelling is far from the economic-incentives-based models developed by economists. Consequently, there is no link with usual economic knowledge, which explains why this kind of agent-based econophysics is largely ignored by economists (who instead implement an economic incentives-led agent-based modelling). This is not economic calibration; in econophysics, modelling can be described by the following schema (Figure 3) .
In contrast with the bottom-up agent-based approach, initial assumptions (inputs) are formulated by integrating information from a particular macro pattern observed in the past evolution of the complex system. The following diagram summarizes the modelling process of this category of works ( Figure 4) .
As previously evoked, the emergence of econophysics is directly associated with the identification of statistical regularities in complex economic/financial dynamics. When the statistical approach is combined with agent-based modelling, the analysis begins with the phenomenological observation of a statistical regularity in a particular economic phenomenon. Afterwards, conditions are derived from the observed macro pattern to calibrate the micro interactions of individual market participants. These micro interactions will then be algorithmically generated with the hope of quantitatively reproducing the initial macro pattern. 
Unifying Perspective on Economic Complexity
Financial systems consist of a large number of components in which random interactions generate observable properties such as power laws, for example. While economics and agent-based econophysics share a microscopic methodology, statistical econophysics is rather founded on a macro-approach in which atoms do not learn implying the fact that all "market components" (including traders, speculators, and hedgers) obey statistical properties. In this perspective, statistic- Agent-based econophysics is rather founded on heterogeneous agent-based modelling. Agent-based econophysics has mainly developed models of orderdriven markets (related to microstructure), game theory models (by redefining the minority problems and related problems) or models using kinetic theory [17] . We can also find works [21] [42] which studied the emergence of money through studying the dynamics of exchange in a system composed of many learning agents. While statistical econophysics uses historical data with (eventually) a zero-intelligence agent, agent-based econophysics rather produces data through a complex modeling of self-evolving systems (with learning agents).
These learning abilities of agents lead to a no "final equilibrium" and this kind of situation can then be treated with specific analytical tools used in physics such as deal with these complex concepts. The main drawback of econophysics is the lack of knowledge of economic theory and these works are often driven more by mathematical convenience than economic meaning [44] . Agent-based modelling offers a way to describe economic systems as a complex system as Keynes attempted to do i.e. by taking of human adaptation and learning into account [28] .
The heterogeneity of behaviors combined with the learning abilities of agents imply the possibility to give an economic meaning to the micro-interactions generating macro-properties. Agent-based approach does not directly observe the real complex systems, it rather attempts to reproduce them in order to find the same statistical regularities observed in the real complex systems. Because this field finds the same regularities then those observed by econophysicists; and because it provides micro-foundations (and then potentially behavioral explanations) to the statistical regularities that emerge at the macro-level of the systems, This historical review allowed me to present the two major computational approaches (agent-based modelling and statistical invariance) for describing the complicated process associated with a dynamic complexity. Although these two computational approaches both emerged in the same institution, one could wonder what these two computational approaches have in common. As Waldrop [45] explained, a lot of scientists working on complexity in the 1980s acknowledged that, at first sight, "Bak's critical state [statistical perspective] didn't seem to have anything to do with life or computation [usually modelled with an agent-based approach]". However, it is worth mentioning that these two approaches share the same foundations since they study complex systems through the dynamics of numerous components interacting in a non-simple manner. Moreover, these two computational techniques use a methodology based on empirical verifications. Some scientists (Langston, Kauffman) affiliated to the Santa Fe Institute were fascinated by the potential connection between these two computational approaches of dynamic complexity: "Langston had done the hard work of making the idea rigorous and precise" [45] . More precisely, Langston [46] [47] [48] proposed a formal connection between the dynamics of critical states and the one observed in computerized computation, "computation may emerge spontaneously and come to dominate the dynamics of physical systems when those systems are at or near a transition between their solid and fluid phases, especially in the vicinity of a second-order or critical transition" [48] . In other words, "we observe surprising similarities between the behaviors of computations and systems near phase [critical] transitions, finding analogs of complexity classes" (Langston, 1990, p. 12). These works opened the door to "unificationist dreams" based on the potential creation of "the science of all sciences" [49] as or a "big science of complexity" [50] [51]. Although that idea of big science influenced the methodological evolution of econophysics, this doctoral research will not present complexity as a "big science" because the prescientific status of a potential unified science of complexity combined to the great number of involved disciplines generate so large diversity of theories that models and explanations related to complexity necessary required a pluralist perspective [52] .
Economics needs a scientific revolution that demands a multi-disciplinary collaboration between economists, computers scientists, psychologists and physicists. One potential direction for this revolution is the development of an agent-based econophysics. This multi-disciplinary field can indeed help scholars to better understand the complexity of economic systems but it can also produce very useful tools for policy-makers such as, for example, the work of Pickhardt and Seibold [53] which gave a realistic description of that income tax evasion dynamics by modelling it through an "agent-based econophysics model" based on Ising model of ferromagnetism. The following section emphasizes the contributions of scientific the Chinese community to econophysics. Several Chinese universities developed a strong expertise in econophysics.
Econophysics in
Beijing Normal University, for instance, has a strong group of econophysicists working on the characterization of macro-patterns on Chinese stock markets [59] Ahn et al. [62] deal with the infinite variance in option pricing. Beihang University has a small group of econophysicists led by Ch. Gou who worked on simulated financial markets (Gou [50] ) and volatility of financial prices (Gou and al.
[63]). Fudan University regularly publishes articles related to econophysics thanks to P. Chen who study financial crisis through the lens of transition phase.
This quick overview only mentioned some of the key universities involved in econophysics research; however, it is worth mentioning the existence of several Schinckus [69] explained that the literature dealing with agent-based models coming from physics but applied in economics can be decomposed into two categories: on one hand, we have a research characterizing the emergence of specific macro-properties without using a pre-defined macro-pattern, and on the other hand, one can find works whose objective is to reproduce an existing (pre-defined) macro-statistical pattern. The majority of papers dealing with ABM in econophysics concern research for which micro-interactions are considered as an input and the emerging macro-result is looked on as an output of the process. Agents are then considered as interacting particles whose adaptive behaviours create different structures (such as molecules, cells, crystals, etc).
Chinese econophysicists also contributed significantly to this specific literature.
Li [70] for instance offered an agent modelling based explanation for some financial characteristics of assets returns while Zheng et al. [71] rather focused on the agent-based modelling of herding behaviour combined with phase-transition analysis to describe financial dynamics. Wang [72] developed an evolutionary game theoretical model to describe the dynamics of wealth distributions in China. Interestingly, the agent-based econophysics appears to be a thematic research at the Zhejing University where several scholars directly contributed to this field. Zheng et al. [73] , for instance, proposed a multi-agent based model to simulate the microscopic interactions and the dynamic evolution of financial markets. Zhou et al. [67] developed a bottom-up model to explain the emergence of auto-correlation in stock returns whereas Chen et al. [74] [75] characterized the herding behaviours in terms of multi-agent based modelling.
Finally, Chen et al. [76] promoted the use of agent-based modelling to characterize the complexity of financial systems at the era of big data.
The last category of works dealing with ABM of economic systems refers to a research whose objective is to reproduce existing statistical data. In opposition to the previous categories of works, authors involved in this area of knowledge usually refer to existing empirical studies which have previously shown the persistence of a specific statistical pattern in economic data. This observation of a macro-statistical pattern is associated with the identification of a discernible and . In their study, Feng et al. [78] derived agents' micro-behaviours from scaling properties observed for the financial returns' distributions. In the same vein, Chen [79] proposed micro-foundations to the evolution of financial prices by inducing micro-patterns from the statistical behaviours of returns volatility. Ren et al. [80] suggested the same kind of top-down methodology to explain how financial traders individually act with trading volumes while Hu et al. [81] used this approach to give micro-foundations to the wealth distributions in China.
Conclusions
In a challenging context for economics, it is important to understand which the potential alternative frameworks are to better capture the complexity of economic phenomena. This essay offers a discussion on the methodological diversi- This article showed a diversity of methodologies in the new field called econophysics. In a sense, this diversity is challenging because it questions the coherence of the field itself. Authors often developed their approach by staying behind their disciplinary frontiers and by presenting their methodological approach as completely new when sometimes, it is not [15] . In other words, the major challenge for the field is to become more transdisciplinary by integrating some concepts that can make sense for all scientific communities involved in the development of the field (economists, physicists and computer scientists).
